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Introduction
MicroRNA (miRNA or miR) is a class of non-coding RNA with 14-24 nucleotides. 1 It is reported that abnormal expression of miRNA is associated with tumorigenesis. [1] [2] [3] Some miRNA molecules can induce tumorigenesis and promote tumor progression as tumor promoters; on the other hand, some miRNA molecules act as tumor suppressors and inhibit the growth of tumor cells or induce their apoptosis. Therefore, miRNA molecules are considered as novel tumor markers and can be used in the diagnosis, treatment and prognosis prediction of tumors. 4 However, one miRNA molecule often has multiple target genes with similar or opposite functions, and the regulatory effects of a miRNA molecule on cell growth are related to many factors, such as cell type. 5 Therefore, in order to promote the application of miRNA in cancer diagnosis, treatment and prognosis prediction, it is of great importance to fully understand the targets and regulatory mechanisms of miRNA.
miR-497-5p belongs to miR-15 family and is coded by the first intron of MIR497HG gene (ID: 100506755) on human chromosome 17p13.1. The expression of miR-497-5p is extensive in vivo, and its expression level is closely related to disease development. It is shown that miR-497-5p can promote the differentiation of lung-resident mesenchymal stem cells into myofibroblasts and the formation of pulmonary fibrosis by inhibiting the expression of Reck gene. 6 Increased expression of miR-497-5p results in decreased insulin receptor content and induces insulin resistance in HFD-MES rats. 7 In addition, changes in the expression of miR-497-5p are related to the occurrence and development of nasopharyngeal carcinoma, non-small cell lung cancer and hepatocellular carcinoma. [8] [9] [10] The regulation of miR-497-5p on glioma cell growth may be different and may be acted through different mechanisms. For example, Xi et al reported that miR-497-5p targeted and bound with Nrdp1 to promote the proliferation of human glioma U87 cells. 11 Low expression of miR-497-5p enhanced growth inhibition and apoptosis of glioma cells induced by TMZ, 12 however, Zhao et al demonstrated that miR-497-5p expression decreased glioma cell growth and invasion both in vitro and in vivo through Wnt3a/c-Jun feedback regulation. 13 Different from glioma, the function of miR-497-5p in other tumors is growth inhibition. For example, miR-497-5p can target YAP1 to inhibit the proliferation, invasion and migration of thyroid papillary carcinoma and non-small cell lung cancer, 14, 15 and induce cycle arrest and apoptosis of breast cancer, gastric cancer, lung cancer and cervical cancer by regulating the expression of Bcl-w, Bcl-2, CDK6 or Cyclin E1. [16] [17] [18] [19] These effects of miR-497-5p make it a potential marker for tumor diagnosis, treatment and prognosis. [20] [21] [22] [23] Cervical cancer is the fourth most common malignant tumor in the world in terms of morbidity and mortality. 24 It has been reported that miR-497-5p is differently expressed in cervical cancer, cervical intraepithelial neoplasia and normal tissues, and it can be used in the clinical diagnosis of cervical cancer. 21 By targeting insulin-like growth factor 1 receptor (IGF-1R) and transketolase (TKT), miR-497-5p inhibits cell invasion, migration, and drug resistance of the cervical cancer cells. 25, 26 Our previous study has also shown that miR-497-5p can target Cyclin E1 to arrest cell cycle of cervical cancer cells. 19 However, it still remains unclear whether miR-497-5p can regulate the growth of cervical cancer cells through other mechanisms. In the present study, we investigated the mechanism by which miR-497-5p regulates the growth of cervical cancer cells, in order to promote the application of miR-497-5p in the diagnosis, treatment and prognosis of cervical cancer.
Materials And Methods Bioinformatics
Target genes of miR-497-5p were firstly predicted using microRNA (http://www.microrna.org/microrna/home.do), TargetScan (http://www.targetscan.org), and miRDB (http://mirdb.org/), and then, intersection analyzed by Venny (version 2.1.0; http://bioinfogp.cnb.csic.es/tools/ venny/index.html). After that, PPI Network (https://www. theppinetwork.com/) was used to analyze interactions among different proteins, MCODE APP (http://apps.cytos cape.org/apps/mcode) was used for functional clustering of the proteins. Gene expression data of miR-497-5p and polycomb repressive complex1-associated protein (CBX4) in cancer tissues and tumor-adjacent tissues of cervical cancer patients were downloaded from TCGA Research Network (https://www.cancer.gov/tcga) using the UCSC Xena platform (https://xenabrowser.net/hub/), and used to analyze the genes' expression relationship on Online software Xena.
Cells
Cell lines of human cervical cancer Siha and HeLa cells were gifts from Department of Cell Biology and Genetics, Medical Department, Xi'an Jiaotong University, China). They were cultured in DMEM medium (Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10% fetal bovine serum (Biological Industries, Kibbutz Beth Haemek, Israel) at 37°C in a humidified atmosphere of 5% CO 2 . The use of the gifted cell lines was approved by the ethics committee of Medical College of Yan'an University.
Inhibitor, Interference RNA, And Cell Transfection
Inhibitor of hsa-miR-497-5p (miR-497-in; 5ʹ-ACAAACC ACAGTGTGCTGCTG-3ʹ) and its negative control (miR-497-inNC; 5ʹ-CAGTACTTTTGTGTAGTACAA-3ʹ) were synthesized by Sangon Biotech, Shanghai, China. In addition, the mimics of hsa-miR-497-5p (miR-497over), RNA interference of CBX4 (SiCBX4-1and SiCBX4-2) and NC were designed and synthesized by Gene Pharma Biotech, Shanghai, China. Cell transfection was performed with the jetPRIME transfection reagent (Polyplus Co., Illkirch, France). Four hours after transfection, fresh medium was replenished.
Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
Total RNA was extracted from cells using TRIzol (Thermo Fisher Scientific, Waltham, MA, USA). Using the extracted RNA as template, cDNA fragments were synthesized from Oligo dT according to the manual of PrimeScript™ 1st Strand cDNA Synthesis Kit (TaKaRa, Dalian, China). The sequence of reverse transcription primer of U6 was CGCTT CACGAATTTGCGTGTCAT, and that of miR-497-5p was GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTG-CACTGGATACGACGGTTTGT. The RealStar SYBR Green qPCR Power Mixture (GenStar, Beijing, China) was used to detect the miR-497-5p and CBX4 expression. The primers used in qPCR reactions are listed in Table 1 . U6 or GAPDH was used as an internal reference gene. The relative expression levels of miR-497-5p and CBX4 in different samples were calculated by 2 −ΔΔCt . Each experiment was performed in triplicate.
Dual-Luciferase Reporter Assay
According to bioinformatics results, wild-type and mutant seed regions of miR-497-5p in the 3ʹ-UTR of CBX4 gene were chemically synthesized in vitro. Then, their two ends were attached with Spe-1 and HindIII restriction sites, and cloned into pMIR-GLO luciferase reporter plasmids. Plasmids (0.8 μg) with wild-type or mutant 3ʹ-UTR sequences were co-transfected with miR-497-5p mimics (30nmol/L; Sangon Biotech, Shanghai, China) into Siha and HeLa cells using jetPRIME. For the control group, Siha and HeLa cells were transfected with miR-negative control (NC). After culturing for 24 hrs, the cells were lysed and analyzed using dualluciferase reporter assay kit (Promega, Fitchburg, WI, USA) according to the manufacturer's manual, and luminescence intensity was measured using GloMax 20/20 luminometer (Promega, Fitchburg, WI, USA). The luminescence values of each group of cells were measured. Renilla luminescence activity was used as an internal reference. Each experiment was performed in triplicate.
Western Blotting
Cells were lysed with precooled Radio-Immunoprecipitation Assaylysis buffer supplemented with protease inhibitor (Beyotime Institute of Biotechnology, Shanghai, China) for 30 mins on ice. The supernatant was collected after centrifugation at 14,000 rpm, 4°C for 20 mins. Protein concentration was determined by bicinchoninic acid protein concentration determination kit (RTP7102, Real-Times Biotechnology Co., Ltd., Beijing, China). The samples (20 µg) were subjected to 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and then transferred to polyvinylidene difluoride membranes. After blocking with 5% skimmed milk at room temperature for 2 hrs, the membranes were incubated with rabbit anti-human CBX4 (1:1000; Abcam, Cambridge, UK), Cyclin A2 (1:1000; Abcam, Cambridge, UK), CDK2 (1:1000; Abcam, Cambridge, UK) or mouse anti-human βactin (1:5000; Abcam, Cambridge, UK) monoclonal primary antibodies at 4°C overnight. After extensive washing with phosphate-buffered saline with Tween-20 for 3 times of 15 mins, the membranes were incubated with goat anti-rabbit or goat anti-mouse horseradish peroxidase-conjugated secondary antibody (1:5000; Santa Cruz, Dallas, TX, USA) for 1 hr at room temperature. Then, the membrane was developed with an enhanced chemiluminescence detection kit (Sigma-Aldrich, St. Louis, MO, USA). Image lab v3.0 software (Bio-Rad, Hercules, CA, USA) was used to acquire and analyze imaging signals. The relative contents of target proteins were expressed against β-actin.
MTT Assay
After transfection, cells were seeded into 96-well plates at a density of 2x10 3 cells per well. Triplicate wells were set up. At 24, 48 and 72 hrs after transfection, 20 µL MTT (5 g/L; Sigma-Aldrich, St. Louis, MO, USA) was added to each well, followed by incubation for 4 hrs at 37°C. DMSO (150 µL per well) was added to dissolve purple crystals. Then, the absorbance of each well was measured at 492 nm with a microplate reader (FLUOstar OPTIMA, BMG, Germany) and cell proliferation curves were plotted. 
Flow Cytometry
At 24 hrs after transfection, cells were collected. Cell Cycle Assay Kit (BD Biosciences, Franklin Lakes, NJ, USA) was used to analyze the cell cycle. Briefly, the cells were incubated with 200 μL liquid A for 10 mins, and 150 μL liquid B for another 10 mins. Then, the cells were incubated with 120 μL liquid C in dark for 10 mins before flow cytometry analysis on FACSort (BD Biosciences, Franklin Lakes, NJ, USA). The result was analyzed using ModFit software version 3.2 (Verity Software House, Topsham, ME, USA).
Statistical Analysis
The results were analyzed using SPSS 20.0 statistical software (IBM, Armonk, NY, USA). The data were expressed as means ± standard deviations. Two group comparison was performed by Student's t-test and multi-group comparison was performed by one-way ANOVA followed by LSD post-hoc test. Correlation between miR-497-5p and CBX4 expression was analyzed using Pearson's correlation analysis. P < 0.05 indicated statistically significant differences. For all data, * means P<0.05, ** means P<0.01, *** means P<0.001.
Results

Bioinformatics Prediction Shows That miR-497-5p May Regulate The Growth Of Cervical Cancer Cells Through CBX4
To investigate the mechanism by which miR-497-5p regulates the growth of cervical cancer cells, we used microRNA, TargetScan and miRDB to predict the potential target genes of miR-497-5p. The data showed that proteins coded by 4303 genes could possibly interact with miR-497-5p, among which 593 (13.6%) target genes were found in all three databases ( Figure 1A ). To further screen the target genes involved in the regulation of cervical cancer cell growth by miR-497-5p, PPI and MCODE APP were used to analyze the interaction network and functional clustering of the 593 target genes. The data showed that potential targets of miR-497-5p could regulate cell activities through multiple PPI networks ( Figure 1B and Table 2 ), and the group with the highest functional clustering score involved 30 genes ( Figure 1C ). TCGA database was used to evaluate the correlation between the expression of 28 genes (excluding PRKAR2 and AEBP2) and the expression of miR-497-5p. The results shown here are in whole or part based upon data generated by the TCGA Research Network: https://www. cancer.gov/about-nci/organization/ccg/research/structuralgenomics/tcga/using-tcga/citing-tcga. The data showed that four genes (CCNE1, CBX4, GNA12 and CDC27) among the 28 potential target genes were negatively correlated with the expression of miR-497-5p (R<-0.1; Table 3 ). Further studies showed that miR-497-5p expression in cervical cancer tissues was significantly lower than that in tumor-adjacent tissues ( Figure 1D ), and CBX4 expression in tumor tissues was significantly higher than that in tumor-adjacent tissues ( Figure 1E ). Correlation between miR-497-5p and CBX4 expression was analyzed by Pearson's correlation analysis, which showed that CBX4 expression was negatively correlated with miR-497-5p expression ( Figure 1F ). These results suggest that miR-497-5p may regulate the growth of cervical cancer cells through CBX4. Finally, CBX4 was selected as the target gene of miR-497-5p for further study.
miR-497-5p Inhibits CBX4 Expression By Directly Binding With The 3ʹ-UTR Of CBX4 mRNA
To test whether miR-497-5p regulates CBX4 expression, we transfected Siha and HeLa cells with miR-497-5p mimics and detected CBX4 expression with qPCR and Western blot. The data showed that Siha and HeLa cells transfected with miR-497-5p mimics had reduced CBX4 expression (Figure 2A -C). To examine whether miR-497-5p inhibits CBX4 expression by directly binding with the 3ʹ-UTR of CBX4 mRNA, dual-luciferase reporter assay was performed. The data showed that the luminescence intensity of Siha and HeLa cells in the wild-type group was significantly lower than the negative control group, while that in the mutant group was not significantly different from the negative control group ( Figure 2D) . The results indicate that miR-497-5p inhibits the expression of CBX4 gene by directly binding with the 3ʹ-UTR of CBX4 mRNA.
Down-Regulation Of CBX4 Expression Inhibits The Proliferation Of Cervical Cancer Cells By Arresting The Cells In S Phase And Reducing The Expression Of CDK2 And Cyclin A2 Proteins
To inhibit CBX4 expression in cervical cancer cells, two interference RNAs of CBX4, ie SiCBX4-1and SiCBX4-2, were synthesized. The data showed that CBX4 expression in cells transfected with SiCBX4-1 or SiCBX4-2 was significantly lower than that in the negative control group, and the inhibitory rate of SiCBX4-1 was higher than that of SiCBX4-2 ( Figure 3A-C) . To test the effect of the inhibition of CBX4 expression on cervical cancer cell growth, MTT assay was conducted. The results showed that, at 48 hrs after cell transfection, proliferation of Siha and HeLa cells with silenced expression of CBX4 was significantly lower than that in negative control group ( Figure 3D ). Flow cytometry showed that the number of S-phase Siha and HeLa cells with silenced expression of CBX4 was significantly higher than that in negative control group (Figure 3E) .To determine the expression of cell cycle regulators CDK2 and Cyclin A2, Western blotting was used. The data showed that levels of CDK2 and Cyclin A2 proteins in Siha and HeLa cells with silenced expression of CBX4 were lower than that in negative control group ( Figure 3F) . These results suggest that down-regulation of CBX4 expression inhibits the proliferation of cervical cancer cells by arresting the cells in S phase and reducing the expression of CDK2and Cyclin A2 proteins.
miR-497-5p Is Involved In The Regulation Of Cervical Cancer Cell Proliferation Through Regulating CBX4-CDK2/Cyclin A2 Expression
To test whether miR-497-5p regulates cervical cancer cells growth by regulating CBX4-CDK2/Cyclin A2 expression, we suppressed miR-497-5p expression by miR-497-5p inhibitor (miR-497-in), and silenced CBX4 expression by CBX4 interference RNAs (SiCBX4-1), at the same time. The data showed that suppression of miR-497-5p elevated CBX4 expression when compared with the control group (miR-497-inNC+NC) ( Figure 4A ). In addition, CBX4 expression in cells with both miR-497-5p inhibitor and CBX4 interference RNAs (miR-497-in +SiCBX4-1 group) was decreased when compared with the control group (miR-497-inNC+NC), suggesting that silenced expression of CBX4 neutralized miR-497-5p inhibitor induced up-regulation of CBX4 ( Figure 4B ). MTT assay showed that, 48 hrs later after cell transfection, the proliferation of Siha and HeLa cells with the miR-497-5p inhibitor (miR-497-in) was elevated, those with the CBX4 interference RNAs (SiCBX4-1) was reduced, and the proliferation of Siha and HeLa cells with both miR-497-5p inhibitor and CBX4 interference RNAs, miR-497-in+SiCBX4-1 group, was also decreased ( Figure 4C ). Flow cytometry showed that inhibition of miR-497-5p elevated the number of S-phase Siha and HeLa cells, silencing of CBX4 increased the number of S-phase Siha and HeLa cells, and the increase in the number of S-phase Siha and HeLa cells with inhibition of miR-497-5p was decreased by silencing of CBX4 ( Figure 4D ). Western blotting showed that the silencing of CBX4 reduced the content of CDK2 and Cyclin A2 proteins, and inhibition of miR-497-5p and silencing of CBX4 at the same time also decreased the expression of CDK2 and Cyclin A2 proteins ( Figure 4E ). These results indicate that miR-497-5p may regulate cervical cancer cell proliferation through regulating CBX4, CDK2 and Cyclin A2 expression.
Discussion
CBX4, also known as hPC2 or NBP16, is a member of the polycomb protein family with SUMO E3 ligase activity. In cell growth, CBX4 can regulate DNA modification, stability and terminal repair through SUMOylation of Dnmt3, BMl1 and Ctlp, [27] [28] [29] and is possibly related to the maintenance of DNA replication and integrity. It is reported that CBX4 gene expression can promote the growth of breast cancer and hepatocellular carcinoma cells, and it is a potential tumor growth promoter. [30] [31] [32] Our data showed that reducing the expression of CBX4 gene inhibited the proliferation of Siha and HeLa cells and arrested the cell cycle in S phase. Western blotting confirmed that the expression of CDK2 and Cyclin A2 protein was down-regulated, demonstrating that CBX4 down-regulation inhibits the cell cycle of cervical cancer cells, as well as their proliferation. This result is consistent with the promoting effect of CBX4 on the growth of breast cancer and liver cancer, suggesting that CBX4 may be a therapeutic target for breast cancer, liver cancer and cervical cancer. 33 In addition, RNA interference of CBX4 arrested Siha and HeLa cells at S phase, indicating that CBX4 has a positive regulatory effect on S/G2 transition of cervical cancer cells, which is consistent with the regulatory effects of CBX4 on DNA modification, stability and terminal repair. miR-497-5p can target CBX4 to inhibit the proliferation of cervical cancer cells. When treating cervical cancer cells with miR-497-5p inhibitor, we found that CBX4 gene expression was increased, cell proliferation rate of cervical cancer cells was elevated, and cell cycle was arrested at S-phase, which is consistent with the regulatory effect of miR-497-5p on the cell cycle of ALK-positive cells, melanoma cells and 293T cells. [34] [35] [36] However, inhibition of miR-497-5p together with down-regulation of CBX4 resulted in decreased proliferation of cervical cancer cells. The number of S-phase cells in this group was lower than that of cells with inhibition of miR-497-5p, and higher than that of control group, suggesting that CBX4 is a key molecule in the regulation of the growth of cervical cancer cells by miR-497-5p, and changes in CBX4 expression directly affect the proliferation of cervical cancer cells.
This study has some limitations. First, the sample size of normal tissue from the TCGA database was small. Second, the correlation between miR-497-5p and CBX4 in cervical squamous cell carcinoma was weak. Further studies are warranted.
In conclusion, the present study demonstrates that miR-497-5p affects the cell cycle of cervical cancer cells by targeting CBX4, and thus inhibits the proliferation of cervical cancer cells. This study provides help in understanding the mechanism by which miR-497-5p regulates the proliferation of cervical cancer cells.
